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Cone and wedgeAbstract In the present article, the problem of boundary layer flow of MHD electrically conduct-
ing fluid past a cone and a wedge with non-uniform heat source/sink along with Cattaneo-Christov
heat flux is investigated numerically. At first, the flow equations are converted into ODE via appro-
priate self similarity transforms and the resulting equations are solved with the assistance of R.-K.
and Newton’s methods. The influence of several dimensionless parameters on velocity and temper-
ature fields in addition to the friction factor and reduced heat transfer coefficient has been examined
with the support of graphs and numerical values. The heat transfer phenomenon in the flow caused
by the cone is excessive when compared to the wedge flow. Also, the thermal and momentum
boundary layers are not the same for the flow over a cone and wedge.
 2016 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The boundary layer flow of a viscous electrically conducting
fluid over a wedge in the presence of Lorentz force has magne-
tized the attention of many authors owing to its significance in
technology and science such as oil exploration, nuclear reac-
tors, plasma studies, MHD generators and boundary layer
control in aerofoil. By keeping a view into these, Stewart
and Prober [1], and Lin and Lin [2] described the impact of
heat transfer on the boundary layer flow caused by a wedge.Vajravelu and Nayfeh [3] numerically investigated the influ-
ence of heat generation on the MHD flow along the surface
of a cone. In continuation of this, Chamkha [4] analysed the
flow past a cone and wedge through porous medium. He found
that a rise in Darcy number enhances the friction factor. The
impact of thermal radiation on the boundary layer flow of a
non-Newtonian liquid along a wedge was reported by Hsu
et al. [5]. Yih [6] presented a mathematical model to examine
the impact of suction/blowing on laminar flow through a
wedge. Then after, Kumari [7] investigated the effects of ade-
quate blowing rates and induced magnetic field on the wedge
flow. The influence of applied magnetic field on mixed convec-
tive flow past a wedge under the influence of viscous dissipa-
tion was studied by Kumari et al. [8]. Massoudi [9] has
found a new mathematical model to discuss the heat transfer
of the power-law fluid past a wedge considering heat genera-rce/sink,
Nomenclature
A non-uniform heat source or sink parameter
a constant
B non-uniform heat source or sink parameter
B0 applied magnetic field strength
Cf dimensional wall shear stress
Cf friction factor
cp specific heat at constant pressure
Gr Grashof number
g acceleration due to gravity
h heat transfer coefficient
k thermal conductivity
l characteristic length
M magnetic field parameter
Nu Nusselt number
Pr Prandtl number
r radius of the cone
s wall temperature parameter
T temperature of the fluid
Tw temperature near the surface
T1 ambient temperature
u; v velocity components along x and y directions
respectively
uw velocity near the flow surface
Greek letters
b thermal relaxation parameter
bT volumetric thermal expansion coefficient
d relaxation time of heat flux
X wedge full angle
c cone/wedge half angle
n stream function
l dynamic viscosity
t kinematic viscosity
q density of the fluid
r electrical conductivity of the fluid
f similarity variable
2 K. Anantha Kumar et al.tion. By making use of Runge-Kutta Gill method, the impact
of chemical reaction and Joule’s dissipation on the wedge flow
was discussed by Devi and Kandasamy [10]. Cheng and Lin
[11] investigated the Falkner-Skan wedge flow by taking into
consideration heat flux and wall temperature.
Kim [12] presented an analytical solution to study the time
dependent convective transport of a micropolar fluid. The
effects of heat transfer on the flow caused by a wedge with first
order chemical reaction were numerically analysed by Kan-
dasamy et al. [13]. An analytical solution to investigate the
asymmetric flow over a stretched surface using Kummer’s
function was presented by Ouaf [14] and concluded that
increasing values of wall temperature parameter suppress the
fluid temperature. The heat transfer of unsteady mixed convec-
tive flow past a symmetric wedge was deliberated by Hossain
et al. [15]. The influences of heat source/sink and chemical
reaction on the flow of viscous micropolar fluid past a cone
with magnetic field were studied by El-Kabeir et al. [16] and
stated that increasing values of magnetic field parameter sup-
press the fluid motion. Yao [17] has given a strange mathemat-
ical model to analyse the flow past a wedge using Falkner-Skan
model. On the other hand a mathematical model was con-
structed by Hayat et al. [18] and Postelnicu and Pop [19] to dis-
cuss the flow properties of non-Newtonian fluids along a
wedge. In continuation of this, Seddeek et al. [20] discussed
the influence of varying thermal conductivity on the wedge
flow by using Keller box technique. Similar type of study on
nanofluids was presented by Yacob et al. [21]. The influence
of heat flux and the magnetic field on the convective flow past
a wedge was investigated by Rashad and Bakier [22]. Atalik
and Sonmezler [23] studied the significance of electric field
on the flow induced by a wedge.
Hsiao [24] has considered the study of second grade fluid
flow over a porous wedge. Rahman et al. [25] analysed the
effects of heat source/sink on MHD nanofluid flow over a
wedge with convective surface. Through this study, they found
that velocity of the nanofluid enhances with elevating values of
wedge angle. The impact of linear radiation on a chemically
reacting flow with nanoparticles along a moving wedge wasPlease cite this article in press as: K. Anantha Kumar et al., Magnetohydrodynamic
Alexandria Eng. J. (2016), http://dx.doi.org/10.1016/j.aej.2016.11.013examined by Khan et al. [26]. Kandasamy et al. [27] worked
on unsteady motion of a nano liquid along a wedge by taking
solar radiation and viscous dissipation. An investigation on
the problem of mixed convective flow past a wedge with porous
medium was done by Rashidi et al. [28]. Kasmani et al. [29]
explored the effects of thermophoresis and Brownian motion
on the wedge flow. The effects of Lorentz force and non-
uniform heat on the flow caused by a slendering sheet were
inquired by Ramana Reddy et al. [30]. Mathili et al. [31] studied
the impact of higher order chemical reaction on Casson fluid
flow caused by a cone with heat absorption. In this study, they
found that the heat generation helps to elevate the fluid veloc-
ity. Babu et al. [32] considered the study of Eyring-Powell fluid
flow caused by a cone with heat transfer. Raju and Sandeep [33]
presented the dual solutions to analyse the bio-convective flow
of Williamson fluid past two different geometries namely cone
and plate. A numerical analysis on the flow over a wedge and a
cone with thermal radiation was performed by Harbi [34] by
employing finite difference method.
The heat conduction law suggested by Fourier [35] was uti-
lized by many authors to picture the heat transfer phe-
nomenon. Further, this model was amended by Cattaneo
[36] by including relaxation time. In continuation of this,
Christov [37] proposed a derivative model of Cattaneo’s law
and that became popular as Cattaneo-Christov heat flux
model. This mechanism plays a pivotal role in medical and
bio-engineering processes such as reducing heat in nuclear
reactors, hybrid power generators, electronic devices and pas-
teurization of milk. Owing to these numerous applications in
heat transfer mechanism, many researchers are using this
model in their studies. Among them Han et al. [38] and Hayat
et al. [39] addressed the heat transfer behaviour of Maxwell
fluid past a stretched sheet using Cattaneo-Christov heat flux
model. Further, this model was extensively used by many
researchers [40–42] to construct the energy equation and dis-
cussed the flow and heat transfer behaviour of various kinds
of non-Newtonian fluids. In addition to these, the authors
[43–46] have been giving importance in their research to illus-
trate the MHD flow of different types of non-Newtonian fluidCattaneo-Christov flow past a cone and a wedge with variable heat source/sink,
Magnetohydrodynamic Cattaneo-Christov flow 3flows with Cattaneo-Christov heat flux. Shehzad et al. [47]
inquired the impact of nonlinear convection on Oldroyd-B
fluid using the same heat flux model. Abbasi and Shehzad
[48] applied the Cattaneo-Christov heat flux model to inspect
the three-dimensional flow of non-Newtonian fluid across a
bidirectional surface. The studies [49,50] also dealt with the
boundary layer flow of Oldroyd-B fluid. Shehzad et al. [51] uti-
lized the same heat flux theory to execute the study of 2D
third-grade fluid flow.
The major objective of the present work was to analyse the
impact of heat flux model proposed by Cattaneo-Christov on
the flow over a wedge and a cone. The impact of non-
uniform heat source or sink is also considered. The trans-
formed boundary layer equations of the flow are solved by
using R.K. and Newton’s methods. Further, the influence of
pertinent parameters such as magnetic field parameter, thermal
Grashof number, wall temperature parameter, thermal relax-
ation parameter, Prandtl number and non-uniform heat
parameters on velocity and temperature fields along with fric-
tion factor and reduced Nusselt number are examined and
shown in graphs and tables. Finally a comparison of the cur-
rent work with the earlier results [52] is also made for the pur-
pose of validating the results.
2. Mathematical formulation
We supposed a steady, incompressible, free convective laminar
flow of a fluid over two different geometries (cone and wedge).
The flow is supposed to be electrically conducting. The coordi-
nate system is considered in such a way that x-axis coincides
with the surface of the flow geometry, and y-axis measures
the orthogonally outward to it. A transverse magnetic field
of strength B0 is applied orthogonal to the surface of the
geometries as depicted in Fig. 1. Suppose that c is the half
angle of the cone, X is the wedge full angle and r is radius of
the cone. The temperature near the surface is considered as
Tw ¼ T1 þ axs, where a is a constant, s is the wall temperature
parameter (the temperature at the wall is constant when s ¼ 0),
T1 is the ambient temperature. Cattaneo-Christov heat flux is
taken into account. Induced magnetic field and viscous dissipa-
tion are ignored in this analysis.
As per the afore mentioned restrictions, the partial differen-
tial equations that govern the flow in terms of stream function
n can be expressed as (see [30,31,45,46])Figure 1 Geometrical con
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The corresponding boundary conditions are
nyðx; 0Þ ¼ uw ¼ txl2; nxðx; 0Þ ¼ 0;
Tðx; 0Þ ¼ Tw ¼ T1 þ axs;
nyðx;1Þ ¼ 0; Tðx;1Þ ¼ T1;
ð4Þ
The proposed problem shows two-different geometries
based on the following assumptions:
(i) m ¼ 0 and c – 0: Flow caused by a wedge.
(ii) m ¼ 1 and c – 0: Flow caused by a cone.
where the velocity components along x and y directions have
velocities u ¼ @n
@y and v ¼ @n@x respectively.
In Eq. (3) q000 is the non-uniform heat source or sink given
by (see [30])
q000 ¼ kuwðxÞ
xv
½AðTwðxÞ  T1Þf0 þ BðT T1Þ; ð5Þ
Here A > 0, B > 0 represent heat generation in the flow and
A < 0, B < 0 denote absorption of the same.
Eqs. (1)–(4) are in dimensional form. In order to make them
dimensionless, we use the following similarity transformations.
f ¼ y
l
; u ¼ tx
l2
@f
@f
; v ¼ tðmþ 1Þ
l
fðfÞ;
T ¼ T1 þ ðTw  T1ÞhðfÞ;
Now substituting the above similarity transformations in
Eqs. (1)–(3), givesfiguration of the flow.
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The relevant boundary conditions are
f ¼ 0; @f
@f ¼ 1; h ¼ 1; at f ¼ 0;
@f
@f ¼ 0; h ¼ 0; as f !1;
)
ð9Þ
In Eqs. (7) and (8) M is the magnetic field parameter, Gr is the
thermal Grashof number, Pr is the Prandtl number, b is the
thermal relaxation parameter, and these are given by,Figure 2 Velocity behaviour with varying magnetic field param-
eter (M).
Figure 3 Temperature behaviour with varying magnetic field
parameter (M).
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2
qt
; Gr ¼ l
2gbTðTw  T1Þ
tuw
; Pr ¼ lcp
k
; b ¼ dt
l2
;
ð10Þ
The physical quantities in view of many engineering and
industrial applications are friction factor (Cf) and local Nusselt
number (Nu). These are defined as,
Cf ¼
Cf
luw
¼ f00ð0Þ; Nu ¼ hl
kðTw  T1Þ ¼ h
0ð0Þ; ð11Þ
where Cf is the dimensional wall shear stress.
3. Results and discussion
The set of nonlinear differential Eqs. (7) and (8) with the asso-
ciated boundary conditions is solved via R.K. and Newton’s
methods. The impact of pertinent parameters namely, mag-Figure 4 Velocity behaviour with varying thermal Grashof
number (Gr).
Figure 5 Temperature behaviour with varying thermal Grashof
number (Gr).
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Figure 6 Velocity behaviour with varying wall temperature
parameter (s).
Figure 7 Temperature behaviour with varying wall temperature
parameter (s).
Figure 8 Velocity behaviour with varying thermal relaxation
parameter (b).
Figure 9 Temperature behaviour with varying thermal relax-
ation parameter (b).
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temperature parameter (s), thermal relaxation parameter (b),
Prandtl number (Pr) and non-uniform heat parameters (A
and B) on the flow field along with the wall friction factor
and heat transfer coefficient, are presented in the form of
graphical and tabulated results. We considered the values of
dimensionless parameters as Pr ¼ 0:7, M ¼ 2, Gr ¼ 3,
s ¼ 2:5, b ¼ 0:1 and A ¼ B ¼ 0:2. These values have been
taken as common for the complete study unless otherwise spec-
ified in the figures and tables.
Figs. 2 and 3 demonstrate the effect of magnetic field
parameter (M) on dimensionless fluid velocity and temperature
distributions. From Fig. 2, we found that accelerating values
of magnetic field parameter (M) decay the velocity profiles.
But an opposite trend is perceived in fluid temperature through
Fig. 3. Physically, increasing values of M create Lorentz force
in the flow, which has the tendency to restrict the fluid motion.Please cite this article in press as: K. Anantha Kumar et al., Magnetohydrodynamic
Alexandria Eng. J. (2016), http://dx.doi.org/10.1016/j.aej.2016.11.013This force also generates heat energy in the flow. Therefore the
thermal boundary layer thickness becomes bigger. Moreover,
we notice that the magnetic field parameter effectively reduces
the fluid velocity on the flow past a cone than that of wedge.
The nature of velocity and temperature distributions with
variable values of thermal Grashof number (Gr) can be visual-
ized through Figs. 4 and 5 respectively. In Fig. 4, we observe
that fluid velocity is an increasing function of Gr but an oppo-
site outcome is observed in temperature profiles. We know that
Grashof number is the ratio of the buoyancy force to the vis-
cous force. So, an overshoot in the momentum boundary layer
thickness is noticed. Figs. 6 and 7 are sketched to study the
impact of wall temperature parameter (s) on dimensionless
velocity and temperature fields. A deterioration in both veloc-
ity and temperature fields can be observed with the larger the
values of s. This agrees with the results given by Ouaf [14]. It is
worth to mention that the temperature profiles of the flow overCattaneo-Christov flow past a cone and a wedge with variable heat source/sink,
Figure 10 Velocity behaviour with varying Prandtl number (Pr).
Figure 11 Temperature behaviour with varying Prandtl number
(Pr).
Figure 12 Velocity behaviour with varying non-uniform heat
source/sink parameter (A) when B ¼ 0:2 (i.e. A;B > 0).
Figure 13 Temperature behaviour with varying non-uniform
heat source/sink parameter (A) when B ¼ 0:2 (i.e. A;B > 0).
6 K. Anantha Kumar et al.a wedge are not much affected while compared with the flow
over a cone.
Figs. 8 and 9 exhibit the effect of thermal relaxation param-
eter (b) on velocity and temperature profiles. Both velocity and
temperature overshoot are noted with an increase in b. The
physical reason for such results is that as we hike the values
of b fluid particles exhibit non-conducting behaviour due to
which they require more time to bring the heat to their sur-
rounding particles. The influence of Prandtl number (Pr) on
velocity and temperature is shown in Figs. 10 and 11 respec-
tively. Since the Prandtl number is inversely proportional to
the thermal diffusivity, both the velocity and temperature pro-
files are found to be decreased.
Figs. 12–15 are plotted to analyse the effect of non-uniform
heat source or sink parameters (A;B) on velocity and tem-
perature distributions. Figs. 12 and 13 enable us to say that
boosting the values of A heightens the fluid velocity and tem-
perature. But we notice a reverse trend from Figs. 14 and 15Please cite this article in press as: K. Anantha Kumar et al., Magnetohydrodynamic
Alexandria Eng. J. (2016), http://dx.doi.org/10.1016/j.aej.2016.11.013for increasing values of B negatively. (Here we have taken
A ¼ 0:2.) As we discussed earlier, the values A, B > 0 cor-
respond to generation of heat in the fluid and A, B < 0 leads
to an absorption of heat from the flow.
Table 1 illustrates the influence of few physical dimension-
less parameters on wall friction factor (f00ð0Þ) and reduced heat
transfer coefficient (h0ð0Þ) for the flow past a wedge and a
cone. It is obvious that a rise in the magnetic field parameter
lessens both skin friction and heat transfer rate. Meanwhile
elevating the values of thermal Grashof number causes an
enhancement in both heat transfer coefficient and wall friction
factor. It is also examined that Nusselt number increases with
wall temperature and thermal relaxation parameters. Heat
generation (or absorption) caused by non-uniform heat
source/sink parameters enhances (or reduces) the friction fac-
tor and same kind of behaviour is repeated for heat transfer
coefficient. Validation of the present results with published
results are depicted in Table 2.Cattaneo-Christov flow past a cone and a wedge with variable heat source/sink,
Figure 14 Velocity behaviour with varying non-uniform heat
source/sink parameter (B) when A ¼ 0:2 (i.e. A;B < 0).
Figure 15 Temperature behaviour with varying uniform heat
source/sink parameter (B) profiles when A ¼ 0:2 (i.e.
A;B < 0).
Table 1 Influence of various physical parameters on friction factor (f00ð0Þ) and heat transfer coefficient (h0ð0Þ).
M Gr s b Pr A B f00ð0Þ h0ð0Þ
Cone Wedge Cone Wedge
1.5 0.8740 0.6244 1.577 1.2598
2.5 1.1778 0.9669 1.5044 1.1795
4.0 1.5708 1.3984 1.4085 1.0786
1.0 1.538 1.3842 1.4008 1.0522
2.0 1.2764 1.0830 1.4793 1.1489
3.0 1.0311 0.8027 1.5398 1.2181
1.0 0.9112 0.6339 0.9455 0.6290
3.0 1.0631 0.08432 1.7233 1.3881
5.0 1.1669 0.9676 2.4192 2.0133
0.05 0.9715 0.7758 1.3083 1.1171
0.1 1.0311 0.8027 1.5398 1.2181
0.15 1.0993 0.8286 1.8426 1.3206
0.7 1.0311 0.8027 1.5398 1.218
1.0 1.1751 0.9059 2.1702 1.5828
1.38 1.3191 1.0009 3.1290 1.9916
0.2 1.0311 0.8027 1.5398 1.2181
0.4 0.9919 0.7538 1.4205 1.1042
0.6 0.9496 0.7015 1.2957 0.9846
0.1 1.1301 0.9251 1.8927 1.5495
0.5 1.1636 0.9660 2.0492 1.6953
0.9 1.1908 0.9990 2.1921 1.8273
Table 2 Comparison of the present work with Palani et al. [52].
Pr Cf Nu
Palani et al. [52] Current study Palani et al. [52] Current study
0.1 1.10236 1.10235 0.20922 0.20922
0.7 0.82566 0.82567 0.44771 0.44770
1.0 0.77524 0.77524 0.50670 0.50671
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8 K. Anantha Kumar et al.4. Concluding remarks
This article reports the flow and heat transfer behaviour of
MHD flow over a cone and a wedge with Cattaneo-Christov
heat flux model. The influence of non-uniform heat source or
sink is also contemplated. The boundary value problem was
solved numerically via R.-K. and Newton’s methods. The fore-
most results have been listed below:
 Momentum boundary layer thickness is large on the flow
past a wedge when compared with the flow past a cone.
 The heat transfer rate of the flow past a cone is higher than
that of the wedge flow.
 Prandtl number has propensity to inflate the Nusselt num-
ber effectively.
 Rising values of thermal relaxation parameter magnify the
heat transfer performance.
 Heat generation (absorption) caused by A;B regulates the
temperature field.
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